Developing neuronal circuits often undergo a period of refinement to eliminate aberrant synaptic connections. Inappropriate connections can also form among surviving neurons during neuronal degeneration. The laminar organization of the vertebrate retina enables synaptic reorganization to be readily identified. Synaptic rearrangements are shown to help sculpt developing retinal circuits, although the mechanisms involved remain debated. Structural changes in retinal diseases can also lead to functional rewiring. This poses a major challenge to retinal repair because it may be necessary to untangle the miswired connections before reconnecting with proper synaptic partners. Here, we review our current understanding of the mechanisms that underlie circuit remodeling during retinal development, and discuss how alterations in connectivity during damage could impede circuit repair.
Developing neuronal circuits often undergo a period of refinement to eliminate aberrant synaptic connections. Inappropriate connections can also form among surviving neurons during neuronal degeneration. The laminar organization of the vertebrate retina enables synaptic reorganization to be readily identified. Synaptic rearrangements are shown to help sculpt developing retinal circuits, although the mechanisms involved remain debated. Structural changes in retinal diseases can also lead to functional rewiring. This poses a major challenge to retinal repair because it may be necessary to untangle the miswired connections before reconnecting with proper synaptic partners. Here, we review our current understanding of the mechanisms that underlie circuit remodeling during retinal development, and discuss how alterations in connectivity during damage could impede circuit repair.
Making and breaking connections
The assembly of neuronal circuits during development involves cellular and molecular processes that are orchestrated at multiple levels. Component cell types need to be generated in the right numbers and positioned at their final locations. Each cell type must then elaborate axons and dendrites to connect with suitable synaptic partners, and establish the mature number, type, and distribution of synapses. Also, synaptic machinery has to be localized appropriately, and the molecular composition unique to each synapse type must be attained to ensure proper function. Often, these developmental events involve several steps of refinement before circuits are fully established. For example, axonal and dendritic arbors may undergo pruning to achieve their final patterns, and the molecular compositions at synapses may be reconfigured before maturation. Here, we review our current understanding of the cellular strategies and molecular mechanisms that underlie the structural and functional remodeling events that organize circuits during development. Further, we highlight the structural and synaptic reorganization that take place in disease conditions, and consider how these rearrangements could potentially impact circuit repair. We will focus on the vertebrate retina for which organization and function are relatively well understood, and for which circuit deconstruction and dysfunction can be probed in detail using anatomical and physiological techniques.
Remodeling and retinal circuit assembly
Organizing synaptic laminae The laminar organization of the vertebrate retina greatly facilitates investigation of circuit development. The vertebrate retina comprises five major classes of neurons that are arranged in three cellular layers ( Figure 1A,B) . Synaptic connections are organized into two layers, the outer (OPL) and the inner (IPL) plexiform layers. The IPL is
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Glossary Ionotropic glutamate receptors (iGluRs): : are glutamate-gated ion channels, and thus regulate fast excitatory transmission at ribbon synapses in the retina. The three major classes of iGluRs include N-methyl-D-aspartate (NMDA) receptors, alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptors, and kainate (KA) receptors. Whereas NMDA receptors are primarily expressed in the IPL, AMPA and KA receptors are expressed in both the OPL and the IPL. The presence of AMPA or KA receptors at OFF-bipolar cell dendrites in the OPL allows these cells to depolarize in response to photoreceptor glutamate release in the dark [99] . Metabotropic glutamate receptors (mGluRs): : are expressed postsynaptically in most retinal neurons. Upon binding glutamate, mGluRs activate G-proteindependent, second messenger cascades to convey the light signal. There are three groups of mGluRs, classified according to their secondary signaling cascades, pharmacology, and sequence homology. mGluR6, a group III mGluR, is expressed at ON-bipolar cell dendrites. Glutamate is normally released from photoreceptors in the dark, yet ON-bipolar cells depolarize in response to increments in light. Because glutamate binding of mGluR6 ultimately closes TRPM1 cation channels [100,101], ON-bipolar cells can 'sign-invert' the photoreceptor signal, and thus hyperpolarize in the dark and depolarize in response to increased illumination [99] . Ribbon synapses: : are excitatory synapses specialized for fast and tonic neurotransmitter release from photoreceptors and bipolar cells in the retina [1] . Unlike most neurons in the brain, photoreceptors and bipolar cells do not fire action potentials; instead they are tonically active, encoding sensory information with graded changes in their membrane potential. Ribbon synapses feature specialized structures in order to continuously release neurotransmitter vesicles in response to changes in membrane potential. In fact, ribbon synapses are named for their most prominent presynaptic structure, the ribbon, which appears as a large, electron-dense bar or sheet at the active zone of the synapse with electron microscopy. Synaptic vesicles containing glutamate are tethered to ribbons, and transmitter is released upon calciumdependent exocytosis. Another specialization is evident at photoreceptor synapses, where the dendritic processes of horizontal cells and ON-bipolar cells invaginate the photoreceptor axonal terminal, placing postsynaptic glutamate receptors in close proximity to the presynaptic ribbon [102, 103] .
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